INTRODUCTION
In design research, the importance of the input of children is wellrecognized. Technology has immersed into schools and daily lives of children, bringing with it adaption of user-centered design principles in the field. Although early works concentrated mostly on usability testing (Hanna et al., 1997) , methodological approaches that involve children in the earlier design phases have also been gaining popularity. Methods such as "informant design" (Scaife and Rogers, 1999) and "contextual inquiry" (Druin, 2002) aim to ensure the maximum contribution of children through sustained participation. Generative tools and techniques such as collages and stickers (Gielen, 2008) , "write/draw task" and "photo voice" (Hussain, 2010) and "KidReporter" (Bekker et al., 2003) also help designers to better understand children's needs. That said, the majority of studies in the field have sought to garner children's opinions in the testing phase (Jensen and Skov, 2005; Yarosh et al., 2010) rather than attempting to integrate their subjective perspectives into major design decisions, which limits the contributions of children to usability improvement. User experience, however, goes beyond usability, embodying hedonic as well as pragmatic aspects of the interaction of the user with the product (Hassenzahl, 2004) , and acknowledges the importance of social and cultural aspects in the ways we experience products (Forlizzi and Ford, 2000) .
The aim of this study is to explore the potential of a construct elicitation method adapted from Repertory Grid Technique (RGT) as a tool for the exploration of the experiences of child users (1). Having roots in Personal Construct Theory (PCT), RGT is expected to uncover the subjective construing systems of young users about the investigated product experience, allowing the generation of design-relevant information. The paper is structured as follows: first, a systematic review is made of research trends related to the involvement of children in the design process; after which, the characteristics of RGT and its feasibility as a tool for the investigation of user experiences of children will be discussed. Lastly, we present our explorative study and its results, and discuss the methodological implications of the study.
THE ROLE OF CHILDREN IN DESIGN
As technology becomes inseparable from the educational and the daily lives of children, a consensus is growing in the importance of taking young users' needs into consideration in design processes. Not only the expectations of adults, but also their perception of children's expectations from designed products are likely to differ than those of children (Good and Robertson, 2006) . This concern has tended to be well-received, especially in the interaction design community, and methodological perspectives have been maturing day-by-day. In approaches that range from reactive contribution of children in usability testing to more initiative approaches, such as participatory techniques, children are taking up a role, one way or another, in the creation of the technological products being designed for them. Druin (2002) defines the role of children in the technology design process as being one of user, tester, informant and design partner. This categorization marks not only methods, but also the level of input by children into the design process. When children are included as testers, they can play a role in the improvement of usability issues or stylistic decisions. If included in the earlier phases, for instance, as design partners, they are given the opportunity to have a voice in major design decisions. Despite the growing interest in including end users in technology design for children, the majority of works still limit their involvement in the process to the role of testers of the designed products and systems in the later phases of the design process. In their review of research methods in technology design for children, Jensen and Skov (2005) found that 67% of the reviewed papers had included evaluations with children. This apparent bias towards the evaluation of engineered products remains as an issue to be addressed can be seen in Yarosh et al.'s (2011) review of the Interaction Design and Children (IDC) conference papers, which found that 59% of the studies involved children as testers of the designed products and systems.
We carried out a systematic literature survey to understand the general research trends in design research involving children, and although this is a work in progress, the methodology and the initial findings can be shared and discussed. In this preliminary work, full papers of Interaction Design and Children (IDC) conferences were reviewed and categorized in terms of the role of children in the design, and at which stage of the design process the user research with children was conducted. The IDC conference was selected as a starting point for the study for three reasons. First, IDC, which has been held annually since 2002, is a prestigious conference and the only academic event focusing fully on design for children. Second, it aims to bring together not only user research activities to understand children's needs, but also design implications, embodying the diversity of the field by bringing forth discussions on both research and practice. Finally, it has a meticulous paper selection process with an average acceptance rate of 23% (ACM Digital Library statistics).
Methodology of the Literature Survey
The data for this preliminary review came from full papers submitted to the IDC conference between 2011 and 2015. -To what extent did users contribute to the research and/or design process?
To investigate both the role of children and how their input is utilized in the design process, we included only the papers that reported on both user research with the target group and its design implications. Of all the 105 full papers published in the five years between 2011 and 2015, 87 papers were found to report on both the research and design, and were thus included in the analysis. A few papers reported on more than one user research, typically one before/during the design phase, and one in postdesign testing. In such cases, both studies were included in the analysis, but only if they both reported a detailed user research methodology.
Each paper was subjected to content analysis, a qualitative data treatment approach, appropriate for the classification of textual, visual or similar symbolic data (Krippendorf, 2004) . All papers were coded with constructs under two main categories: (1) the phase of design during which user research is applied, and (2) degree of participation of the end users in the design. Following the categorizations put forward in existing literature (Squires, 2002; Wickens et al., 2004; Blythe et al., 2007) , the papers were coded according to the following constructs to define the design phase: testing, idea generation and pre-design. For the degree of participation, we used Druin's (2002) framework to define the roles of tester, informant and design partner. Each construct is explained in Table 1 .
Construct Explanation

Design phase
Pre-design Children are consulted at the 'fuzzy front-end' of the design phase preceding idea generation, and on some occasions, preceding even the design brief Idea generation User research is conducted during the idea generation phase, typically for the purpose of evaluating the design concepts and re-defining the following design decisions.
Testing
User research is conducted in a later design phase to evaluate the design solution for minor changes, such as usability improvement
Degree of participation
Design partner
Children take a direct and ideally equal role in generating design ideas
Informant
The input provided by children has an impact on major design decisions Tester Children test/evaluate the developed product or system Table 2 presents the results of the content analysis. Among the 87 reviewed papers, 10 reported more than one user research at different phases of the design process. Furthermore, some of the reported user researches involved children in more than one role (for example, as both informant and tester). This variety is a result of the iterative nature of the design process, in which more than one user study is conducted in different phases. When this is the case, the paper was coded with all reported design phases and user roles, which explains why the total number of design phases and user roles (101) shown in the table are greater than the number of reviewed papers (87).
In around 68% of the studies, children were invited to test and evaluate design solutions, while the rest utilized their knowledge either as informants or design partners. Similarly, the majority of the studies reported user research in the testing phase (59%), although these percentages include studies that reported on multiple user roles in different design phases. In 55% of the 87 papers, user research was conducted only in the testing phase, while in 62% of the papers, children were only given the role of testers during either testing or idea generation phase.
Although a broader survey including diverse publication venues is required to obtain more definitive results, these findings are consistent with those of Yarosh et al. (2011) and Jensen and Skov (2005) , showing an apparent bias towards the inclusion of children in later phases of the design process as evaluators of the designed solutions, rather than incorporating their self-reported needs and values into the defining of major design decisions in the earlier phases. There would appear to be a tendency to rely on developmental theories and the expert opinions of educators in the early phases of the design, and to lean on the opportunities provided by novel technologies. The input of children, on the other hand, tends to remain limited to their observed interactions with the design solutions for usability improvement, or for the measurement of the educational impact of interaction with the products and systems.
Although user testing is an important method in user-centered design approach, this situation highlights technology and expert opinion as the main sources of novelty in design, while the opportunity for user-centered innovation is overshadowed. Participatory design (Sanders, 2002) and design ethnography (Salvador et al., 1999) are popular approaches to enable the transfer of tacit user knowledge into design solutions. Despite the value to designers of gaining first-hand knowledge on user experience, it is not always applicable under the current market conditions (Van Veggel, 2005) . Participatory methods are often reported to be demanding on time and resources (Antle, 2003) , and reported project durations have been seen to take up to several months or even years. Ethnographic methods, if designers do not have the chance to directly engage with users, may lead to problems in the mediation of this rich contextual data to designers (Hughes et al., 1997 ). An approach that benefits from the user information as a main source in exploring the possibilities in the design space rather than focusing on pre-defined and to-be-fixed problems would be beneficial to design. This would be possible by taking a holistic approach to understand the experiences of children, paving the way for the discovery of unexplored spaces in children's lives through their eyes.
USER EXPERIENCE AND STUDY OF PERCEIVED PRODUCT EXPERIENCE
Unlike usability improvement and measurement of the impact of design solutions, exploration of user experience requires investigating beyond the utility of a product. User experience embodies the totality of psychological, social and cultural aspects of product experience. According to Hassenzahl (2004) , experience with a product is identified through a set of goaloriented (pragmatic) and self-oriented (hedonic) attributes, while Desmet and Hekkert (2007) refer to the sensory, symbolic and emotional aspects of experience. In their model of human-product interaction, Hekkert and Schifferstein (2008) emphasize biological and psychological factors in the way we experience products, while social and cultural factors (Forlizzi and Ford, 2000) as well as momentary situations (Hassenzahl, 2003) are also influential in how users perceive and experience products.
The frameworks of user experience bear similarities with models of product perception in their emphasis on the subjectivity of experience. Studies of perceived product attributes are well grounded in marketing research. Gutman (1982) propose means-end chain model to understand how perceived product attributes are linked to abstract customer values through mental categorizations. According to his model, tangible product attributes (means) create certain physical or psychological consequences, leading to either satisfaction or dissatisfaction of high-order personal values. The significance of means-end chain and similar models for design research lie in conceptualizing how certain product attributes are associated with subjective meanings. According to Bloch (1995) , users make judgements about products even based solely on their forms through certain mental categories regarding what the product has to offer, and this judgement stems from previous experiences and existing construct systems, affecting how we engage in future experiences with products. Similarly, Crilly et al. (2004) define the visual consumption of products as a communication process, with the final destination being the end-user who interprets and judges the products based on tangible stimuli and previous knowledge.
Warell (2008) highlights the importance of gaining a better understanding of how products are and maybe experienced by users, since this allows designers to close the gap between the intended meaning presented by the designer and meaning perceived by the user, hence, designing products for pleasurable and meaningful experiences. His work on perceptual experience also bears similarities with means-end chain model, and he describes the perceptual product experience process at three levels: (i) recognition, referring to the direct stimuli received from a product, (ii) comprehension, focusing on the semantics of the product by making sense of this stimuli, and finally (iii) association, being the symbolic level of how products are conditioned based on socio-cultural norms. This process is also consistent with Crilly et al.'s (2004) model of cognitive response to design on aesthetic, semantic and symbolic levels.
SEDEF SÜNER and ÇİĞDEM ERBUĞ
Integrating the aforementioned frameworks and models, it is possible to identify the inter-relation of three spaces: (1) designer's space, in which the product is shaped within an intentional decision-making process; (2) user's space, which consists of an individual background of biological and psychological factors, as well as past experiences, and (3) usage context, being the situation in which the product is experienced, including all physical, social and cultural conditions. Designers apply product features in an attempt to initiate certain experiences, though the actual experience is conditioned by not only these features, but also by factors of user space and usage context. Although designers cannot control either individual or contextual factors, they need to have a good grasp of them if they are to take an influential role in the decision-making process to initiate the intended experiences (Forlizzi and Ford, 2000) . In this way, it may be possible to close the gap between the intended product features and the consequences experienced by the users.
Sorting procedures, laddering and Repertory Grid Technique (RGT) are among the suggested means of exploring the relationship between perceived product attributes and related values (Gutman, 1982, 71) . Scrutinizing these complicated cognitive schemes can help in identifying patterns between tangible product attributes and user-centered meanings, leading to a better understanding and prediction of how users do and possibly will engage with products. Such an approach to user research will help produce valuable information on the product-related meanings of users, thus making an important contribution to new product development process (Töre Yargın and Erbuğ, 2012).
EXPLORING USER EXPERIENCE THROUGH ELICITING PERSONAL CONSTRUCTS
RGT has a theoretical grounding in Personal Construct Theory (PCT), which explains its ability to unravel personal cognitive structures in any domain, such as people, environments, objects, etc. (Fransella and Neimeyer, 2003) . According to PCT, personal construing system is based on previous experiences, affecting subjective values and judgements, as well as how people anticipate future experiences (Kelly, 2003; Fransella et al., 2004) . According to PCT, our construing is channelized, meaning that it is permeable and dynamic, and able to adapt as we encounter new events (Kelly, 2003) . In this regard, PCT is not about 'fully formed minds', but rather sees people of all ages as scientists seeking meaning through their construing (Butler and Green, 2007) . Since all people are in motion, PCT is not interested in stage-like child development theories (Fransella and Neimeyer, 2003) , which is why there is no age limit to the investigation of personal construction systems. In this regard, RGT, being a clinical tool of PCT, is applicable even with young children (Fransella et al., 2004) .
RGT is fundamentally a structured interview technique. A repertory grid comprises a topic (i.e. fun in video games), elements (i.e. various video games), bipolar constructs (dimensions which make video games fun or not fun) and ratings of each element in relation to each construct. Elements and constructs may be supplied or elicited from the interviewee. In a typical interview procedure, different elements are compared for similarities and differences in groups of three (triad), and this process results in the naming of a number of personal bipolar constructs through which the individual gives meaning to the topic in question. The session ends with rating of the elements for each construct. Constructs are always bipolar (i.e. exciting/ EVALUATION OF CONSTRUCT ELICITATION AS A RESEARCH METHOD TO OBTAIN DESIGN-RELEVANT DATA FROM CHILDREN METU JFA 2016/2 25 dull), in that an originally named construct (exciting) is only complete with a construct pole (dull), and together they serve as a scale by which each element is evaluated and positioned.
RGT not only provides design-relevant information from user's point of view, but also enables researchers to explore design possibilities through the user's own mental models (Hassenzahl and Wessler, 2000; Verlinden and Coenders, 2000) . RGT is often described as a "value-free" technique that allows an exploration of subjective experiences from the personal point of view of an individual with minimum researcher bias (Fransella and Neimeyer, 2003; Alexander and Van Loggerenberg, 2005) . It is "an attempt to stand in others' shoes, to see their world as they see it, and to understand their situation and their concerns" (Fransella et al., 2004, 6) . Given the tendency to investigate the experiences of children as filtered through adult perspectives, the importance of understanding children's needs and aspirations without pre-defined criteria comes to the forefront. The clinical tools of PCT help us to "understand children's understanding", which requires finding a way of looking at how children create meaning from the inside-out rather than from the outside-in (Butler and Green, 2007) .
RGT has the power to reveal tacit knowledge and subjective meaning structures related to the experience in question. While bringing to the surface in-depth, subjective perspectives, it also helps identify meaningful patterns between various dimensions effecting user experience. Eliciting such tacit meanings is an important input for design of novel products (Öberg and Verganti, 2012) . Furthermore, RGT is a structured yet flexible procedure that is appropriate for various research contexts (topic), being applicable to almost any artifact (elements), and able to unravel both pragmatic and hedonic aspects of experience (constructs) in a holistic way. It is possible to integrate products, images, lo-fi or hi-fi prototypes, and conceptual sketches into the data gathering procedure as elements. This flexibility gives researchers the power to adapt the methodology to various research settings. Studies of user experience researches have shown that RGT has been utilized not only for overall product evaluation (Hassenzahl and Trautmann, 2001; Khan, 2012) , but also to elicit the dimensions of userproduct experience (Steed and McDonnell, 2003; Fallman and Waterworth, 2010; Karahanoglu and Erbug, 2011) .
Laddering, being devised as a procedure within RGT, is a strong tool for the eliciting of in-depth, value-laden "superordinate" constructs (Fransella, 2003) . Having a wider range of convenience, laddered constructs are central, and more resistant to change (Jankowicz, 2004) . Although being a structured technique, laddering generates richer and more in-depth information when compared to quantitative methods of data gathering, and yet is easier to conduct than unstructured techniques, since it is the researcher who decides which constructs to elaborate by laddering. Laddering has been utilized in marketing research to explore the relationship between product attributes and the attached consequences and values (Gutman, 1982) . Although the use of RGT is comparatively new in design research with children, laddering has gained more popularity, having been utilized successfully in user experience research with children (Zaman, 2008; Zaman and Abeele, 2010; Celis et al., 2013; Saarinen et al., 2013) .
As a result of these characteristics, a construct elicitation methodology based on RGT and incorporating a laddering procedure is considered an eligible tool for the exploration of the product experiences of children.
SEDEF SÜNER and ÇİĞDEM ERBUĞ
Since the use of RGT for the purpose of understanding children's user experience has not been investigated in detail before, this explorative study is expected to illuminate possible opportunities for further research.
METHODOLOGY
An explorative study was conducted to investigate the potential of construct elicitation as a means of gaining a holistic description of the perceived product experience of children (2). The study was designed to source answers to the following questions:
-In what ways can and should the RGT process be modified to elicit children's constructs of perceived product experience?
-Which aspects of children's perceived product experience can be revealed through the proposed methodology?
We chose to investigate mobile phone experience for three reasons: (i) the current market for use by children is dominated by products aimed at allaying the security concerns of parents, rather than designs to satisfy children's expectations; (ii) despite the lack of product options for children in the local market, children are familiar with mobile phones of various models in their social environment; and (iii) mobile phones embody pragmatic as well as hedonic aspects of experience, being designed for personal use, but is also a showcase product, being consumed in the social space.
Participants
Prior to the main study, a pilot study was carried out in the Utest usability lab in Middle East Technical University, Department of Industrial Design. The aim of the pilot study was to test the applicability of the interview procedure and to determine the age group in the main study sample. For the pilot study, we recruited seven children sourced by word-of-mouth, three of which were in preschool (5 to 6 years old), and four who were firstgrade students in the second semester (6 to 7 years old). This age group represents the transition from preoperational to concrete operational stage in Piagetian terms, characterized by the development of such intellectual abilities as making categorizations, sorting objects by features, inductive thinking and understanding causality (Piaget, 2001) . Although PCT theoretically rules out developmental maturity as a prerequisite in personal construing, RGT and laddering procedures require an understanding of such concepts, since the procedure includes categorizations based on similarities and differences, ranking by features, and induction from product attributes to consequences.
In the pilot study, we observed that schooled children were more confident in following the interview procedure, and for this reason, we conducted the main study with students from one first grade class and one second grade class (6 to 8 years old, n=44) in a local public primary school. The initial number of participants in the study was 46, although one of the participants had difficulty in understanding the research protocol, and one was hearing-disabled, making verbal communication difficult, and so they were removed from data set. We obtained approval from Middle East Technical University Applied Ethics Research Center, permission from the Ministry of National Education and oral consent from each participant.
2. The methodology of this study was briefly presented in a previous proceeding: Süner, Erbuğ, 2014b.
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Selection of Products
The elements (products) utilized in RGT procedure are of significant importance, since the entire construct elicitation process is based on their comparison. The representativeness and range of convenience of each item should be taken into consideration in the selection of elements, which means they should represent the diversity of the topic while remaining within the range of the investigated area (Fransella et al., 2004) . In our study, we decided to include mobile phones designed specifically for children as well as those for adult consumers. In providing such diversity, we expected to elicit a wider range of constructs since a comparison of elements in terms of both similarities and differences constitutes the basis of the elicitation process. Apart from the targeted user group, we also considered ensuring diversity in the forms and interactive features of the products.
Visual representations of products have proven useful as probes when aiming to concretize explored attributes when studying perceived product experience (Töre Yargın and Erbuğ, 2012; Kuru and Erbuğ, 2013) . The set of product image cards used as elements in the interview are shown in Figure  1 . P1, P2, and P3 are designed specifically for children, with target ages ranging from preschool to preteen years. P4 and P5 are full spectrum smart phones that are designed for adult users. The brand names of all phones were erased using photo manipulation software, and the images were printed in real size proportions. 
Procedure
Before starting the interviews, the teachers introduced the researcher to the class and explained the procedure. Individual interviews were conducted in a private space in the school library by the first author during regular class time over the course of two weeks. Figure 2 shows a sample interview setting. Each session was recorded with a digital video camera for analysis.
The interviews started with a chat about mobile phones to sensitize the participants after which they were told that our aim was to design a mobile phone for kids, and we invited them to help us by sharing their opinions.
The interview started only after the participant had agreed to participate. Although interview protocol is based on RGT interview procedure, we modified it as summarized in Figure 3 to fit to our research setting better. In a typical RGT interview, elements may either be elicited from the interviewee or supplied by the researcher. In user research, elements are mostly supplied, since they are usually products that are to be compared. Although we supplied the elements, we began the procedure with downsizing, which also functioned as a warm-up. We asked the participant to rank the phones in likeability order, and picked the most, mid, and the least liked elements for the next construct elicitation phase. The intention in this regard was to randomize the configuration while maintaining diversity in the compared elements, since it would be quite tiresome to compare every possible combination of elements in construct elicitation.
Our construct elicitation and rating procedure differs from typical uses of RGT in three ways. First, although triadic configuration is the most popular method for eliciting constructs, we preferred to adopt dyadic configuration. In triadic configuration, elements are presented to the interviewee in groups of three and the participant is asked to articulate the similarities and differences, which constitute the constructs. This process may be cognitively demanding, and so dyadic configuration is often suggested to be more suitable for children (Fransella et al., 2004; Butler and Green, 2007) . Dyadic elicitation is similar to triadic one, although the elements are presented rather in pairs. When eliciting the construct poles that complement the elicited construct (i.e. fun/boring, serious/childish), we followed a similar procedure by asking simply: "What would you call something that is not fun?", or, if the construct comes to stating a difference between two elements: "So you think this one is fun, what do you make of the other one, then?"
Laddering procedure was applied for each elicited construct. If the expressed construct was a concrete one (i.e. has a bigger screen), the participant was asked whether it was a desirable thing or not to define the pole, and then asked the question why to understand what consequence it would be associated with until he or she cannot come up with different constructs (i.e. you can see the apps on the screen > you can find anything you want). If the first expressed construct is an abstract one, then we started laddering down using a procedure known as pyramiding (Butler and Green, 2007) to understand which attributes determine that particular consequence by asking how questions. In some cases, the procedure included a combination of both (i.e. has a bigger screen > fun > because you can play games).
Despite the common application, we utilized ranking rather than rating elements, with rating being the phase during which elements are rated for each bipolar construct. Salmon (1976) recommends ranking rather than rating for children younger than 12, suggesting that it is comparatively easier to do so through physical ranking (i.e. cards) than through a verbal approach. We followed a similar procedure, asking children to rank the product image cards on a scale indicated by the constructs (i.e. for adults/ toy-like). In a final modification to the procedure, we distributed construct elicitation throughout the dyadic configuration and ranking phases. Since dyadic elicitation is conducted with three product cards, the other two cards are included in the ranking phase. Through distributed elicitation, we expected to maximize the number and diversity of the constructs.
The durations of the interviews ranged between 12 and 35 minutes, with an average of 21 minutes. In the end, we had approximately 15 hours of video and 44 grid sheets on which the elicited constructs and rankings were noted during the interviews.
Analysis
Typically, RGT enables both qualitative and quantitative analyses. The qualitative part is the content analysis of the participant statements, while the ratings/rankings form the basis of a statistical analysis. However, Kuru (2015) states in her comparative study of the two forms of analysis that quantitative analysis of multiple user data results in data reduction, and so recommends quantitative analysis for user testing, while qualitative analysis is found to be more useful in generating in-depth information to inform early design phases. For this reason, we utilized content analysis for data treatment.
The video recordings of each interview were transcribed and divided into laddered constructs and related statements. Since our aim was to understand the relationship between perceived product attributes and attached meanings, we applied content analysis by coding (1) the product attribute in question (i.e. has touch screen -> control type), and the (2) causal and (3) effected consequences of this attribute in terms of perceived experience (i.e. ease of use -> gamability). 
RESULTS
The laddering procedure applied in the interviews led the content analysis to identify the links between perceived product attributes and their consequences, as well as between the consequences themselves. We refer to these emerging consequences as dimensions of the perceived experience.
The content analysis of the data resulted in 18 perceived user experience dimensions that included both pragmatic concerns, such as ease of use, understandability and accessibility, and hedonic aspects, such as aesthetic appeal, product expression and fun. The content of each dimension is explained in Table 3 . Our aim is now to present the results in a way that represents the multidimensionality among the product attributes and dimensions.
Perceived Dimensions of Mobile Phone Experience
Some of the emerged perceived dimensions listed in the table have a significant impact on other dimensions, while others are relatively independent. In order to show these impact-dependency levels, we utilized cross-impact analysis (CIA). CIA is an analysis method for future forecasting, since it defines potential events and the relationships between them (Gordon, 1994) . CIA displays the impact of various dimensions in a holistic way, making it possible to see the effects of potential changes and interventions within the system, rather than merely evaluating them (Salevsky and Müller, 2011) . Identifying patterns of relations between minor and major factors within the system, CIA in user research is put forward as an effective way of analyzing and somewhat quantifying qualitative RGT data, and visualizing it in a meaningful way for the benefit of designers (Kuru and Erbuğ, 2013; Kuru, 2015) .
We entered the impact-dependency relationships into a table to produce a cross-impact matrix (Figure 5 ) that shows the impact and dependency levels of each dimension based on the frequencies of the participant statements. Each row in the chart shows the impact level of the dimension on others, while the columns represent how much each dimension is effected by others. Values in gray cells indicate the frequency of the dimensions without being causal of another one, meaning that the participant linked it with a particular product attribute (i.e. body color -> aesthetic appeal), but not with another dimension. Accordingly, these values are added to impact total, but not to the dependency total.
Perceived ease of use, for instance, significantly both effects (impact) and is effected by (dependency) the dimensions in the system, while age appropriateness is essentially effected. Based on the impact and dependency levels in the matrix, a cross-impact chart was created to visualize the hierarchy of the dimensions in the system (Figure 6) .
The cross-impact chart consists of five areas. The critical area represents the highly influential and dependent dimensions, which means any intervention towards them will have a significant effect on the whole system. The active dimensions are rather independent; they largely influence others, while remain relatively unaffected by them. The reactive dimensions are mostly dependent on others, while having less impact. The neutral area has moderate impact and dependency, while the relationships of the buffer dimensions with others in the system are relatively loose, although this does not mean that they are to be ignored in the design process. The cross-impact chart represents the system in balance. Although the individual impact and dependency of buffer dimensions are less significant, they might be in strong relationship with particular dimensions (Kuru, 2015) .
The value of the cross-impact chart is that it provides a quick overview of the factors influencing product experience from users' point of view in a holistic and hierarchical way. The links between dimensions, however, are not represented in the chart, and reflecting such relationships is important in minimizing data reduction. The chart may also make a valid contribution to the designer's understanding of the mental models of children regarding the product experience in question, for which we constructed a map based on the impact-dependency levels presented in the cross-impact matrix (Figure 7) .
The cross-impact map allows us to observe the level of importance among the dimensions indicated by the diameters of the circles, and also the strength of the relationship between dimensions indicated by the relative thickness of the links. Both diameters and thicknesses represent the frequencies shown in the cross-impact matrix. We also adopted colorcoding technique in the cross-impact chart to represent the areas. The map shows clusters of dimensions in relation to each other. Based on Hassenzahl's (2004) categorization, the right area of the map is dominated by hedonic dimensions, while the left area comprises mostly pragmatic aspects. The placement of familiarity is of particular note, having a balanced relationship with both the hedonic and pragmatic dimensions, which is information that is not visible in the cross-impact chart.
The map visualizes potential points of design intervention. For instance, in order to develop an easy-to-use mobile phone for children, designers should pay particular attention to accessibility, visibility, writability, and so on. Similarly, significant connections can be observed between product expression, familiarity and aesthetic appeal. Relatively independent dimensions, such as audibility and age appropriateness, are also displayed on the map. Being independent does not necessarily mean independence from the system itself, but shows that it is more likely to be a consequence of a product attribute rather than other dimensions. It would also appear that some of the buffering dimensions in the cross-impact matrix have relatively weaker but yet considerable links with other dimensions. Understandability, for instance, is related to ease of use, familiarity and gamability. This shows consistency with Kuru (2015) , who draws attention to the balanced nature of the cross-impact chart, and recommends designers pay heed to the buffering dimensions.
Perceived Product Attributes Affecting Dimensions of Mobile Phone Experience
The cross-impact analysis represent the aspects of the perceived product experience from user's perspective, while missing how these aspects are related to actual product attributes. Concrete exemplification of the abstracted dimensions would provide valuable guidance for designers, since it informs the design process by establishing the potential consequences of particular product features (Töre Yargın, 2013) . This information can be obtained from our data, and has already been included in the coding process in the form of product attributes and attached consequences. Another matrix was created to show the impact of product attributes on the aforementioned dimensions (Figure 8) , in which the product features are grouped under four main categories: applications, being the types of software embodied by the product; body attributes, being visual qualities such as form, color and size; control attributes, being features related to the use of controls, such as the layout and type of interaction; and display attributes, which are related to screen features such as size and color.
Attribute-dimension matrix represents both the total and individual impact of each product feature. To illustrate, perceived ease of use is affected significantly by the control features, while body-related features have almost no impact. Perceived novelty is associated with the types of available applications and the control type; while the hedonic dimensions, such as aesthetic appeal and product expression, stem from the body and screen-related features. In terms of total impact, body form, screen size, control type and applications are among the most influential product attributes.
Similar to the cross-impact analysis, the values in the matrix were exported to an attribute-dimension map in order to better visualize the hierarchies and connections (Figure 9) , in which the circle diameters and link thicknesses reflect the relative impact presented in the matrix. Body, control and display (screen) components are grouped in the map, and although grouping the components resulted in data reduction, the map provides an overall understanding of how the participants related certain product components to dimensions of perceived product experience.
DISCUSSIONS
The gathered data is rich in terms of showing how perceived product features, i.e. a particular body shape or layout of controls available in the image cards, raise certain positive or negative reactions in user space, such as being valued or found irrelevant. An attempt was made to quantify the qualitative data to be presented as an overview at a conceptual level. Due to limited space, it is not possible to discuss every dimension and its relationship with specific product attributes. In this section, we try to highlight some of the findings in a brief discussion of design implications. The effects of the modified procedure, the limitations of the study and the potential areas for improvement will also be discussed.
Design Implications
It is no surprise that the children's mobile phones included in the study are designed from the point of view of adults, and represent the parents' needs and wishes rather than those of children. Some of the common design features include reduced function (i.e. texting and gaming), as well as parental control in creating a contact list and receiving calls. One other apparent design approach seems to be a child-friendly look in terms of form and the use of color, which was not always well-received by the participants: The cross-impact analysis shows that familiarity of the product expression, and personification are directly connected to the aesthetic appeal and ageappropriateness perceived by the participants. Children have an idea about what a phone should look like based on their previous experiences, and contrary to popular belief, children may not always favor "colorful" and "cute" products. This is especially the case for mobile phones, which are apparently products of desire, and are even perceived as a rite of passage from childhood to adulthood. In this case, product form is reflected in self-image, which may explain why the participants often found children's mobile phones to be "weird", "toy-like", "childish" and "for babies".
It is also evident in the cross-impact analysis that at the center of pragmatic concerns seems to be perceived ease of use and accessibility, both of which are in strong connection with control and display features. The dichotomy of physical keyboard versus touchscreen interaction seems to dominate this perception, along with the quantity and function of the keys available, and the screen size. Although none of the three children's mobile phones enable physical keyboard input for texting or dialing a number, it was interesting to observe that almost all participants assumed that they do, and judged the product attributes accordingly: Given the fact that children had no actual experience with children's mobile phones due to a lack of availability in the local market, these imagine attributes seem to stem from their somewhat limited experience with full-spectrum products. Dimensions such as writability, gamability and multifunctionality emerged through comparisons of the children's and adult's products, and these dimensions are associated significantly with concrete product attributes such as control type, number and layout, and display size, rather than abstract concepts such as software support. Similarly, the level and quality of volume (audibility) is mostly associated with the size of speakers rather than the underlying technology, while the need for the visibility of buttons or icons for accessing the phone's primary functions was frequently stressed by the participants:
has this square [menu] button, so it is easier [to find things] than [P1]. We first push the square and it [menu] is on, then we say 'mmm there is some stuff here'." (Construct: easy to find thingsdifficult to find things) Such a tendency to draw causalities based on concrete stimuli may be due to the characteristics of concrete operational stage (Piaget, 2001) , which explains how children attribute meaning to concrete product features, and how designers may benefit from it when mapping interfaces. The cross-impact analysis also shows that visibility is one of the most active dimensions in the system, with a high impact on accessibility and writability, and consequently, ease of use.
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Although the intention in this study was to explore how children construe a particular product experience, the inferences drawn from the results should not be limited to the design of mobile phones, in that it is possible to transfer partially these cognitive structures to inform the designs of various other interactive products, such as game controllers, digital cameras and similar consumer electronics. This reusability of the findings stems from the strength of the method in relating tangible product attributes to abstract concepts.
Evaluation of the Modified Procedure
Our modifications to the typical RGT procedure included the use of dyadic elicitation, distributed elicitation and ranking. Aside from one participant, we experienced no problems among those taking part in following the construct elicitation and ranking procedures. Children were able to grasp easily the structured process, and sometimes took initiative in ranking, as well as elaborating on the constructs without being asked further questions. The distributed elicitation generated additional constructs in the ranking phase; but also resulted in repetitions, which sometimes caused boredom and distraction among the participants.
One significant difficulty was encountered in eliciting the construct poles.
Most of the construct poles were expressed by simply adding "not" in front of the original construct, or describing the two poles as "easy to…/difficult to…". These difficulties in eliciting construct poles can be attributed to the fact that most original constructs are descriptive and have a direct reference to concrete attributes. Most of the time there was little need to ask the opposite, since it was too obvious, and for this reason we preferred to concentrate on the laddering procedure instead, and applied content analysis to identify patterns of meaning structures among the multiple user data.
Limitations and Future Work
One significant limitation of the study is related to the use of product images as elements. The lack of an equal amount of experience with each product resulted in limitations in the participants' comments, as well as reflections on imagined product attributes. Since we were concentrating on perceived attributes, we did not correct such misunderstandings during the interviews, but we observed that this limitation was reflected significantly in our results. As an example; although we know that control features are directly associated with writability and ease of use, we don't know what it means for children when such a feature is lacking.
The majority of comments were related to control and body features, while statements on software and display features were somewhat limited. This is a possible result of the selection of elements. The participants were unfamiliar with mobile phones designed for children, hence their comparisons were dominated by easily perceived visual attributes based on their past experiences. This may not necessarily mean that product form and controls are more important, but rather they are easier to retrieve from visual stimuli. Since this was an explorative study, we chose not to focus on a specific aspect of experience. When seeking a comprehensive understanding on a particular issue, such as the relationship between product expression and identity, it would be useful to utilize a range of products so as to reflect the diversity while keeping other features similar.
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With reference to the user experience frameworks discussed earlier, another shortcoming of the study is in obtaining information on the usage context. Although the adopted methodology helped explore the user space in terms of subjective perceptions and backgrounds, it was not possible to investigate actual usage context. While contextual factors cannot always be controlled or foreseen, aspects of routine (i.e. typical school day) as well as extreme situations (i.e. moment of emergency) would provide valuable input for the design space. Integrating elicited cognitive models with ethnographic data, such as contextual observations, diary logs, and so on, may better inform designers on potential points for intervention.
CONCLUSION
Presented in this study is a systematic literature survey on the current trends in the role of children in design process, as well as a discussion of the benefits of early user involvement. Also presented is an explorative study and its design implications, as well as constraints of the methodology and potential areas for further improvement. It is not suggested that this methodology replaces existing user research traditions with children, but rather that it can inform and enrich the design space at earlier phases through user perceptions. Based on the findings of this study, we believe that a construct elicitation method based on RGT is a promising procedure for exploring the user experience from the perspective of children, with potential for further improvement. An integrative approach to data gathering, as well as feedback from designers on the utilization of the generated user information in the actual design process would help in the refinement of the method. 
